Objective: The aim of our retrospective study was to assess the etiology of recurrent pregnancy loss (RPL) in Saudi couples attending a specialized RPL clinic at King Fahad Hospital of the University, Al-Khobar, Saudi Arabia. Patients and Methods: A total of 59 couples attending the RPL clinic between January 2010 and December 2013 and who had completed their workup and investigations for RPL were included in the study. Data were collected from patients' charts and computer-based laboratory results. Results: Protein S deficiency was found in 47% of patients, a chromosomal abnormality in 6.7%, uterine abnormality in 12%, antiphospholipid syndrome (APS) in 12%, and antithrombin III and Protein C deficiency in 1.7%. However, no patient had Factor V Leiden mutation. In 39% of the patients, there was no identifiable cause, and therefore, they had been diagnosed as unexplained RPL.
INTRODUCTION
Recurrent miscarriage (RM) or recurrent pregnancy loss (RPL) is defined as three or more consecutive pregnancy losses occurring before 20 weeks post menstruation. [1] [2] [3] The incidence is estimated to occur in 1% of fertile couples. But the incidence increases to 5% when two or more losses occur. [4] Clinicians have further classified pregnancy loss into three types, preclinical, embryonic and fetal loss; preclinical loss as demise <6 weeks; embryonic loss as demise at >6 weeks but <10 weeks gestation; fetal loss as demise at >10 weeks but <20 weeks gestation. Some clinicians use the presence or absence of fetal cardiac activity to determine the stage of pregnancy loss as either embryonic (loss before fetal cardiac activity has been identified) or fetal (loss after the fetal cardiac activity has been identified). [3, 5] Other clinicians have further classified RPL as recurrent "early" pregnancy loss when this occurs before 12 weeks gestation and late loss is that which
This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms. original articlE occurs after 12 weeks' and before 20 weeks' gestation. [6] The cause of RPL has been widely investigated, including parental and fetal chromosomal abnormalities, structural uterine abnormalities, antiphospholipid syndrome (APS), some thrombophilia, autoimmune disease, and endocrinological disorders such as polycystic ovarian syndrome and untreated diabetes. [4, [7] [8] [9] [10] [11] Despite intensive and thorough investigations, no identifiable cause could be found in more than 50% of couples. [12] These couples with unexplained RPL experience even further stress and higher levels of anxiety because of the uncertainty as to whether they should stop trying to conceive or continue with the knowledge that further pregnancies may also result in a loss. Providing tender loving care, support and reassurance to these couples have been known to result in a 75% success rate in a future pregnancy. [13, 14] The aim of our study is to assess the causes of RPL in Saudi couples attending a specialized RPL clinic at King Fahd Hospital of the University, Al-Khobar, Saudi Arabia.
PATIENTS AND METHODS
This is a retrospective study of all Saudi couples with RPL, who were referred to the RPL specialized clinic at King Fahd University Hospital in Al Khobar, Saudi Arabia between January 2010 and December 2013. All cases were ascertained to have had three or more spontaneous miscarriages, with pregnancies confirmed by βhCG. Demographic data, such as age, the number of live births, the number of miscarriages, and the number of early and late pregnancy losses were recorded. Peripheral karyotyping of the couple was performed. The detection of the lupus anticoagulant was based upon dilute Russell viper venom test time together with a platelet neutralization procedure. The anticardiolipin antibodies were detected by a standardized enzyme-linked immunosorbent assay, and the titer was considered elevated if medium or high titers of both IgG and IgM isotypes were present in blood. A diagnosis of APS is made if one of the following clinical criteria is present: (a) Three or more unexplained consecutive spontaneous abortions before the 10 th week of gestation, with maternal anatomic or hormonal abnormalities and paternal and maternal chromosomal abnormalities excluded, or (b) one or more unexplained deaths of a morphologically normal fetus at or beyond the 10 th week of gestation, with normal fetal morphology documented by ultrasound or by direct examination of the fetus, or (c) one or more premature births of a morphologically normal neonate at or before the 34 th week of gestation because of severe preeclampsia or eclampsia or severe placental insufficiency. In addition, persistent abnormality of one of the following tests when measured at least twice, >6 weeks apart: (a) Lupus anticoagulant, (b) antiphospholipid antibodies. [15] Protein S, Protein C, antithrombin III, and Factor V (FV) global Protein C were also tested by functional immunosorbent assays. The uterine cavity was assessed by an office hysteroscopy or a hysterosalpingography, and uterine findings were reported as a normal uterine cavity, congenital (such as septate, bicornuate, unicornuate) or acquired abnormality (such as an endometrial polyp, submucous fibroid, or uterine synechiae). Couples who had not completed their investigations were excluded from the study.
RESULTS
A total of 59 Saudi couples with a history of repeated miscarriages were included. As shown in Table 1 , the mean female age was 32.83 ± 6.64 standard deviation. The number of previous miscarriages varied from 3 to 23 miscarriages. The number of early losses ranged between 2 and 16 whereas the number of late losses ranged from none to seven losses. Nineteen females out of 59 (32%) were nulliparous with no live birth while the remaining 40 (68%) had one live birth. Forty females had only early losses, (all losses <12 weeks of gestation), one had only late losses (losses >12 weeks of gestation) and 18 had mixed losses some <12 weeks of gestation and others >12 weeks of gestation. Identifiable causes of RM are shown in Figure 1 . Uterine cavity abnormalities were found in seven women (11.9%), specifically septate uterus in two patients, endometrial polyp in three patients, uterine synechia in one patient. Cervical incompetence in one patient. Abnormal karyotype was seen in four patients (6.8%) (two females and two males) mainly robertsonian translocation and inversion. The APS was diagnosed in 7 (11.9%) women whereas Protein S deficiency was diagnosed in 28 (47.5%) women. Protein C deficiency as well as antithrombin III was found in only one female (1.7%). FV Leiden mutation was not found in any of the women studied. Finally, 23 (39%) women were diagnosed as having unexplained RM. Table 2 shows the 
DISCUSSION
Our study demonstrated that the most common cause of RPL in Saudi females in the Eastern Province of Saudi Arabia was Protein S deficiency, which was found in almost half of the study population. This is followed by couples who had no identifiable cause for RPL, with a prevalence of 39%. APS and uterine cavity abnormalities were found in 12% of the patients. The most common uterine cavity abnormality was endometrial polyp followed by a uterine septum. Protein C deficiency and antithrombin III deficiency were found in 1.7% whereas FV Leiden mutation was not detected in this study population. Furthermore, our study showed a 6.7% rate of parental karyotype abnormality. All uterine cavity abnormalities were corrected at the time of diagnostic hysteroscopy either by the removal of the polyp or resection of the septum hysteroscopically. All patients who were diagnosed with thrombophilia were offered low dose aspirin and low molecular weight heparin throughout the pregnancy, and six weeks postpartum.
The strength of our study is that all patients were attending a specialized RPL clinic at the same hospital and under the care of the same consultant and investigations were carried out in one laboratory. Patients who attended the clinic but did not complete their follow-up visits and investigations were not included in the study. The small sample size is due to the inclusion of only those couples who had undergone a thorough and complete investigation.
The prevalence of uterine anomalies in the RPL population has been reported to range between 1.8% and 37.6%, which is in accordance with our study. This wide range is due to the different criteria used in defining RPL (two vs. three or more consecutive pregnancy losses) as well as the different techniques and criteria used in the diagnosis of uterine anomalies. [16] It has been found that correction of a septate uterus resulted in a decline in miscarriage rate from 88% to 14%. [17] Chromosomal abnormalities of either parent has also been implicated as a cause of RPL. Furthermore, their pregnancies may result in a live birth with multiple congenital malformations and/or mental disability secondary to an unbalanced chromosomal arrangement. The composite prevalence of major chromosomal abnormalities in either parent was about 3.5%, 5 to 6 times higher than the general population, most commonly a balanced reciprocal or robertsonian translocation. [7] Our study showed a prevalence rate of 6.7% for parental karyotype abnormality, which is higher than that reported in the literature. Chromosomal abnormalities of the embryo were found to account for 30-57% of further miscarriages in couples with RPL. [5, [18] [19] [20] [21] [22] However, it has been reported that as the number of miscarriages increases, the risk of euploid pregnancy loss increases. [5, 20] Not surprisingly, it was found that advanced maternal age (older than 36) was associated with a significantly higher rate of aneuploidy. In other words, in women younger than 36, recurrent loss was due primarily to causes other than chromosomal abnormalities. [5] In our study, more than two-thirds of the population studied were younger than 36 years of age. Thrombophilias, both inherited as well as acquired, have been investigated and studied thoroughly as a cause of RPL and adverse pregnancy outcome. APS (an acquired thrombophilia) is the most treatable well-recognized cause of RPL. The prevalence of APS in our study was 12%, which is similar to several other studies, where it was reported to be approximately 15% in comparison to <2% in women with a low-risk obstetric history. [23] It has been reported that 10.9% of Saudi females with RPL had APS compared to 5.6% in normal pregnancies and 1.2% in healthy blood donors. [24] The live birth rate in women with RPL associated with APS with no pharmacological intervention has been reported to be as low as 10%. [25] It was concluded in a meta-analysis of randomized controlled trials that the only treatment or treatment combination that leads to a significant increase in the live birth rate among women with APS is aspirin plus unfractionated heparin. The reduction rate of miscarriage was 54% in patients receiving aspirin plus unfractionated heparin compared with aspirin alone: Relative risk 0.46, 95% confidence interval (0.29-0.71). [26] Recently, an increased incidence of early and recurrent fetal loss has been suggested in women with inherited thrombophilia, including FV Leiden mutation, activated Protein C resistance, prothrombin G20210A mutation, and Protein S deficiency. The incidence of FV Leiden mutation varies among different populations. Some sources revealed a frequency as high as 15% in Caucasians, with the highest incidence rate of 31.2% found in Jews.
[27] The prevalence of FV Leiden mutation in the Saudi population ranged between 0.5 and 2%, which is quite low compared to that of Egyptians 16.5-18.5%, Turkish 24.6%, Greek 22.6%, Lebanese 14.65%, Tunisians 13.6%, Jewish 10%, and Italian populations 6%, but it is similar to that of Indians 1.3% and Americans 0.8-1.8%. [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Another study found FV Leiden was present in 6.42% and 7.04% of Kuwaitis of Iranian and Iraqi origin, respectively, but it was absent (0%) among Kuwaitis of Saudi origin. [39] This might explain why no patients in our study were diagnosed with FV Leiden mutation. Protein S deficiency and Protein C deficiency are relatively less common, where the prevalence in the general population ranges between 0 and 0.5%. [40] Surprisingly, in the Saudi population, Protein S deficiency has a prevalence rate of 14.5% while prothrombin gene mutation has a prevalence of 1.1%. [28] The association of inherited thrombophilia and fetal loss varies from one study to another. A meta-analysis has reported a consistently stronger association of inherited thrombophilia with late fetal loss than with an early loss. [10] A meta-analysis of 16 case-control studies reported that carriers of FV Leiden or prothrombin gene mutation have double the risk of experiencing RPL compared with women without these thrombophilic mutations. [41] However, some studies have reported a similar risk of fetal loss in women with the FV Leiden mutation compared to those without. [42, 43] Furthermore, several studies have found no correlation between the prothrombin gene mutation and RPL. [44] [45] [46] [47] The association of RPL and antithrombin III deficiency and Protein C deficiency is less clear. In general, the association of inherited thrombophilia with fetal loss is not as clear as APS. [48] CONCLUSION Our study demonstrated the uniqueness of the Saudi population in terms of their thrombophilia abnormalities compared to neighboring Middle Eastern populations. Whilst a bigger epidemiological study may shed more light, our study shows that Protein S deficiency, APS and uterine abnormality should be the first three investigations to be carried out in Saudi women with RPL. Chromosomal study reserved to selected cases, bearing in mind that in up to 40% of couples, no cause for RPL can be identified.
